Background: Thyroid nodules with indeterminate fine-needle aspiration biopsy (FNAB) results remain a diagnostic dilemma, because 70 -85% of these nodules have been found to be benign after thyroid surgery. Objectives: The purpose of this study was to evaluate the usefulness of 18F-fluorodeoxyglucose (FDG) positron emission tomography/ computed tomography (PET/CT) in the preoperative diagnosis of cytologically indeterminate nodules. Patients and Methods: Forty-six patients were included in this study. These individuals had undergone FDG PET/CTs for the preoperative evaluation of thyroid nodules with indeterminate FNAB results. The results of the preoperative PET/CT scans were compared with the postoperative pathological results and statistically analyzed. Results: Of the 46 patients included in our study, the histopathology of the surgical specimens revealed thyroid cancer in 17 individuals (37%, 17/46). The PET/CT scan showed a positive result in 27 patients. Of these, 16 patients (59.3%) were found to have thyroid carcinomas. In addition, the PET/CT scan was considered to be negative in 19 patients, 18 (94.7%) of whom had benign lesions. For the detection of malignant lesions, the values for the sensitivity and specificity, and the positive predictive and negative predictive values were 94%, 62%, 59%, and 95%, respectively.
Background
Nodular thyroid disease is very common; however, most thyroid nodules, whether palpable or incidentally discovered, turn out to be benign. Only 5% to 15% of thyroid nodules are found to be malignant (1) (2) (3) (4) . Fine needle aspiration biopsy (FNAB) is the standard method for evaluating the risk of malignancy in thyroid nodules (5) (6) (7) . It is safe, easily performed, and cost effective (8, 9) ; although 15 -30% of biopsied nodules exhibit indeterminate cytology (5, (10) (11) (12) (13) . The current guidelines recommend surgical resection of these nodules in order to permit sufficient pathological evaluations, but only 15-30% of them turn out to be malignant, with 70 -85% being benign (14, 15) . Therefore, most thyroid surgeries for asymptomatic thyroid nodules are actually carried out as diagnostic rather than therapeutic procedures. Because of the morbidity and potential complications associated with surgery, it is important to identify a noninvasive alternative method for the management of these nodules. Thus, the development of new diagnostic methods for indeterminate thyroid nodules is an important area of current research.
As a molecular imaging modality, 18F-fluorodeoxyglucose (FDG) positron emission tomography/computed tomography (PET/CT) can detect a wide range of malignant tissues. However, it has an unclear role in the evaluation of thyroid nodules in which the FNAB is considered to be indeterminate.
Objectives
The purpose of our study was to review the results that we had gathered, to determine the value of the FDG PET/ CT in the preoperative diagnosis of thyroid nodules with indeterminate FNAB results.
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Patients and Methods
Forty-six consecutive patients with thyroid nodules of indeterminate cytology, and scheduled for surgery at our institute were included in this study, prospectively, between 2009 and 2012 (Figure 1 ). The FDG PET/CT images were obtained from all of the patients before surgery for the evaluation of these nodules, and no treatments that could affect the results were allowed before the FDG PET/ CT imaging. All of the included patients were euthyroid, while those with uncontrolled diabetes mellitus and other known malignancies were excluded. This study was approved by the ethical board of our institute, and written informed consent was obtained from all of the patients prior to the study.
Thyroid ultrasonography was performed on all of the patients to locate those thyroid nodules requiring FNAB based on their size and appearance. Solitary or dominant thyroid nodules, which were ≥ 1 cm in ultrasound measurements, were selected for an FNAB. Of the nodules, 33 were solid and 13 were solid-cystic. The FNABs were performed by physicians with experience in FNAB techniques under ultrasonographic guidance, using a 23-gauge needle attached to a 10 mL syringe inserted into a syringe holder. The samples obtained were smeared onto glass slides and stained using the May-Grunwald Giemsa method. The FNAB reports were written according to The Bethesda system for reporting thyroid cytopathology (TBSRTC) in order to classify our cases (13) . The term "indeterminate" was used to identify the "follicular neoplasm/suspicious for a follicular neoplasm" and "suspicious for malignancy" results from the TBSRTC. In all of the cases, the interval between the fine needle aspiration biopsy and FDG PET/CT was a minimum of 3 weeks.
Whole-body FDG PET/CT imaging was performed using an integrated PET/CT scanner, which consisted of a fullring high-resolution lutetium oxyorthosilicate (LSO) PET and a six-slice CT (Siemens Biograph 6; Knoxville, Tennessee, USA). The patients fasted for a minimum of 6 hours before the examination. The blood glucose levels were tested in each patient before injection, and were determined to be < 200 mg/dL. Then, water-soluble iodinated contrast material diluted in 1500 mL of water was given to each patient orally, before scanning. A whole-body acquisition was performed 1 hour after the intravenous administration of 18F FDG, and the images were obtained from the vertex to the upper thigh region. The patients were placed on the scanner table in a supine position, and a CT topogram was acquired first, to define the axial range of the PET/CT study. Then, a CT transmission scan was acquired with a low tube current (130 kVp, 54 mAs), slice thickness of 4 mm, 0.6 seconds gantry rotation, and a collimator width of 6 × 3 mm. Next, PET emission scanning, with a duration of 3 minutes per bed position, was performed with an identical transverse field of view in the craniocaudal direction. The PET images were reconstructed with the CT data for attenuation correction using an iterative approach. These images were evaluated via the consensus of two experienced nuclear medicine specialists, who were blinded to the final pathological diagnoses at the time of their evaluations. The scans were classified as positive if the focal uptake was seen in the nodule under examination. The FDG uptake in the nodules was quantified by calculating the maximum standardized uptake values (SUVs); however, if the thyroid nodule was not apparent on the FDG PET/CT images, quantification was not attempted. After the FDG PET/CTs, all of the patients underwent surgical resection within a few days, and the results of the preoperative PET/ CT scans were compared with the postoperative pathological results, and statistically analyzed using IBM SPSS version 20 (IBM Corp., Released 2011. IBM SPSS Statistics for Windows, Armonk, NY). The results of the study were analyzed using the independent samples t-test, MannWhitney-U test, and Fisher's exact test. Finally, the fitness of the continuous data to normal distribution was checked by the Kolmogorov-Smirnov test, and a P value of less than 0.05 was considered to be statistically significant.
Results
Out of a total of 46 patients included in this study, 6 were men and 40 were women, with ages ranging between 18 and 74 years, and a mean age of 50.2 ± 12.6 years. Nineteen of the patients (41.3%) had solitary nodules, while 27of the patients (58.6%) had two or more nodules. The histopathological results of the surgical specimens revealed thyroid cancer in 17 patients (37%): 11 with papillary carcinoma (64.7%, 11/17), 4 with follicular carcinoma (23.5%, 4/17), and 2 with medullary carcinoma (11.8%, 2/17). In the histopathological examination, the nodules were found to have a mean maximum diameter of 2.62 ± 1.30 cm (95% confidence interval (CI): 2.24 -3.00). We found that there were no statistically significant differences in the patients' age or sex, or the ultrasonographic characteristics between the malignant and benign nodules ( Table 1) .
The FDG PET/CT scan was found to be positive in 27 of the patients, with 16 (59.3%) of them having thyroid carcinoma (Figures 2 and 3) . The FDG PET/CT scan was considered to be negative in 19 patients, with 18 (94.7%) patients having benign lesions and 1 (5.3%) having thyroid carcinoma. Thus, 11 patients (40.7%, 11/27) had false-positive and 1 patient (5.2%, 1/19) had a false-negative FDG PET/CT scan ( Table 2) . The values for the sensitivity, specificity, and the positive-predictive and negative-predictive values of the FDG PET/CT in the detection of the malignant lesions were 94%, 62%, 59%, and 95%, respectively. The quantification of the FDG uptake using the SUVs could not improve this degree of accuracy. For benign lesions with focal uptake, the mean (± SD) SUVmax was 4.46 ± 3.71 (range min=1.90 max=14.50 n=11). For malignant lesions with focal uptake, the mean (±SD) SUVmax was 5.93 ± 3.53 (range min=1,80 max= 14,00 n=16 ). However, there were no statistically significant differences found between the SUVs between the benign and malignant nodules (P = 0.099). a For these lesions, sensitivity = 94%, specificity = 62%, positive predictive value = 59%, and negative predictive value = 95%.
Discussion
The FNAB plays an essential role in the evaluation of euthyroid patients with thyroid nodules, while the TBSRTC assigns a malignancy risk to each cytological category. In our study, the term "indeterminate" was used to identify "follicular neoplasm/suspicious for a follicular neoplasm" and "suspicious for malignancy" results of the TBSRTC. The distinction between follicular thyroid carcinoma and follicular adenoma cannot be made using an FNAB, and surgery is required to distinguish the benign nodules from the malignant ones. In addition, when an FNAB is suspicious for malignancy, nearly all physicians recommend surgery to exclude it. The introduction of a diagnostic test which helps to decrease the number of unnecessary surgical resections of benign nodules could have an important positive impact on patients management.
Malignant cells exhibit a number of aberrant characteristics when compared to cells in normal tissues, and these characteristics can, potentially, be used to image tumors. A PET scan with FDG relies upon the increased glucose metabolism found in a wide range of malignancies, using it to detect both primary lesions and their metastases. However, the usefulness of an FDG PET/CT in the presurgical evaluation of indeterminate thyroid nodules is conflicting, due to the contradictory results found in the literature (16) (17) (18) (19) .
In our study, 37% (17/46) of the patients demonstrated thyroid carcinomas in their final histopathological reports. The FDG PET/CT detected 16/17 malignant lesions, with a very good sensitivity of 94%. Previously, Vriens et al. (17) and Wang et al. (16) meta-analyzed the usefulness of the FDG PET in evaluating thyroid nodules with indeterminate FNAB results. Sensitivity and specificity of our study similar to those found in their studies. In the study by Vriens et al. (17) , it was reported that a false negative PET result was only found in those nodules with a maximum histological dimension of ≤ 1.5 cm. In contrast, the study by Wang et al. (16) found 8 false negative cases, and 5 of them had dimensions ≥ 2 cm. In our study, there was 1 FDG negative malignant lesion (papillary cancer), with a dimension of 2.5 cm, and 6 FDG positive malignant lesions (4 papillary, 1 follicular, and 1 medullary cancer) with dimensions ≤ 1.5 cm. Therefore, as suggested by Wang et al. (16) , it is unlikely that the size of the lesion is the most important factor for explaining the false negative phenomena in our study.
In the present study, the FDG was not found to be negative in all of the benign nodules, and the FDG accumulation was detected in 11 of the 29 benign tumors. The specificity, and the positive predictive and negative predictive values were 62%, 59%, and 95%, respectively. In the SUV analysis, no significant difference was found between the benign and malignant nodules: however, there was a considerable overlap between the groups. In the previously published literature, the reports disagreed about the usefulness of the quantification of the FDG uptake, measured in terms of the SUV, for the characterization of the thyroid nodules. While some of the studies showed no significant differences between the SUVs of the benign and malignant nodules (20, 21) , others suggested that the SUVs can be used to differentiate malignant from benign nodules (16, (22) (23) (24) . However, different cutoffs for the SUVs were found in these studies and, for the most part, there was considerable overlap in their glucose metabolic activities (16, (22) (23) (24) . SUVs rely on the reconstruction, acquisition, and region-of-interest parameters, and the variability found in the SUV methodology makes it difficult to compare the results obtained from different centers. Therefore, additional standardized large multicenter studies may be necessary to generalize the role of the SUV measurements in the characterization of indeterminate thyroid nodules.
For all of these reasons, regardless of the SUV measurements, we recommend further examinations on any FDG positive nodule with indeterminate cytology. According to our analysis, despite there being some false positive cases, over half of the patients could have avoided unnecessary surgeries (62.1%, 18/29). However, the FDG PET/ CT is not available in some regions, and it is expensive, which could, for the time being, limit its routine use. In those patients on whom surgery cannot be performed, close regular follow-ups, including repeated FNABs and thyroid ultrasonography, should be performed. Overall, the FDG PET/CT may provide physicians with additional confidence when deciding to observe lesions, rather than to proceed immediately to surgical resection. The careful selection of those patients who could benefit most from the additional information provided by this imaging method is important, and the FDG PET/CT scan could be more useful for patients with a high risk of surgical morbidity and mortality.
In summary, our study revealed that the FDG PET/CT has high sensitivity and a negative predictive value for identifying malignancies in thyroid nodules with indeterminate cytological findings. Therefore, the FDG PET/CT may be a helpful tool in the clinical management of these nodules.
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